Persistence is a transient and non-inheritable tolerance to antibiotics by a small fraction of a 36 bacterial population. One of the proposed determinants of bacterial persistence is Toxin- 37 Antitoxin systems (TAS) which are also implicated in a wide range of stress-related 38 phenomena. In a report (Maisonneuve E, Castro-Camargo M, Gerdes K. 2013. Cell 39 154:1140-1150) an interesting link between ppGpp mediated stringent response, TAS and 40 persistence was proposed. It is proposed that accumulation of ppGpp enhances the 41 accumulation of inorganic polyphosphate which modulates Lon protease to degrade 42 antitoxins. The decrease in the concentration of antitoxins supposedly activated the toxin to 43 increase in the number of persisters during antibiotic treatment. In this study, we show that 44 inorganic polyphosphate is not required for Lon-dependent degradation of YefM, the 45 antitoxin of YefM/YoeB TAS. The Δ10 strain, an Escherichia coli MG1655 derivative in 46 which the ten TAS are deleted, is more sensitive to Ciprofloxacin and Ampicillin compared 47 to wild-type MG1655. Furthermore, we show that the Δ10 strain has relatively lower fitness 48 compared to the wild type and hence, we argue that the implications based on this strain are 49 void. We conclude that there is no direct and specific link between stringent response and the 50 regulation of TAS. The link between TAS and persistence is inconclusive due to altered 51 fitness of Δ10 strain and hence requires thorough inspection and debate. 52 53 54 Importance 55 A model connecting stringent response, endoribonuclease encoding Type II Toxin-Antitoxin 56 systems (TAS) and persistence is widely propagated. It states that "accumulation of ppGpp 57 results in accumulation of inorganic polyphosphate which modulates Lon protease to degrade 58 antitoxin rendering toxins free to induce persistence". This work presents a contradiction to 59 and challenges the model. Experimental evidence, literature survey as well as rationale are 60 provided to show that inorganic polyphosphate is not required for the degradation of YefM, 61 the antitoxin in YefM/YoeB TAS. The Δ10 strain is relatively more sensitive to 62 Ciprofloxacin and Ampicillin as well as has lowered fitness. This is likely because of the 63 polar effects on the adjacent genes caused by the genetic manipulation of multiple TAS loci.
modulates the substrate specificity of Lon protease, specifically targeting antitoxin proteins for degradation. This is hypothesized to render the toxin free to act on its target RNA and confer persistence. 123 Interestingly, in earlier studies using semi-quantitative primer extension, Prof. Kenn Gerdes' 124 group has concluded that transcriptional regulation of relBE and mazEF systems is 125 independent of ppGpp (Christensen et al., 2001; Christensen et al., 2003) . Hence, in this 126 study we analyzed the essentiality of polyP in degradation of YefM antitoxin by studying 127 the promoter activity of yefM/yoeB loci and endoribonuclease activity of chromosomally 128 encoded YoeB. The endoribonuclease encoding TAS are horizontally transferring genes and 129 most them in E. coli are integrated between genes with significance in bacterial stress Samples of 25 ml experimental cultures were collected at 0, 10, 30 and 60 minutes and cells 153 were harvested by centrifugation at 4 °C. Total RNA was isolated using hot phenol method 154 and quality was analyzed by agarose gel electrophoresis. 32 were carried out similarly with Sanger's dideoxynucleotide method.
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Growth curve 162 12 hour old overnight cultures were grown to mid log phase in tubes in LB medium at 37 °C. 163 The culture was rediluted 100 folds in LB medium and 2 µL of the diluted cultures were 164 inoculated into 200 µL of LB in microtitre plate wells in triplicates. The microtitre plates 165 were incubated at 37 °C with 170 rpm shaking. Optical density at 595 nm was measured in a 166 96 well microtitre plate reader (Biorad TM ), every one hour, for 8 hours.
167
Maximal CFU/ml in optimal conditions in 12 hours. 168 Overnight cultures were inoculated into tubes containing 3 ml LB broth and grown at 37 °C 169 with 170 rpm shaking for 12 hours. 10 µL of the culture was diluted appropriately and plated 170 on LB plates and incubated overnight. Colonies were counted and colony forming units per 171 ml were determined according to the dilution factor. The CFU/ml of MG1655 was taken as 172 100% for LB medium and culture conditions. 173 Biofilm assay 174 Overnight cultures were diluted 100 fold in fresh LB tubes. 2 µL of inoculum was added into 175 200 µL of LB broth in 96 well microtitre plates. The plates were incubated at 37 °C for 16, 176 24, 48 and 72 hours at 37 °C. After the specified time points the plates were washed with 177 PBS to remove floating cells. 125 µL of 1% crystal violet was added to each well and left for 178 20 minutes. The plates were washed with water twice and the dye was re-dissolved by adding 179 90% ethanol. The re-dissolved crystal violet was taken into new wells, to avoid biofilm 180 interference, and readings were taken at 595 nm and readings were represented as the amount 181 of biofilm formation. Experiments were carried out independently thrice in quadruplicates.
182
Error bars indicate standard error.
183
Antibiotic sensitivity test 184 Conventional disc diffusion method was used to measure relative sensitivity of the strains. Persistence assay 195 Exponentially growing cells of MG1655 and Δ10 were exposed to various antibiotics at the To test the role of ppGpp and polyP in the regulation of yefM/yoeB system, we performed 220 amino acid starvation experiments using serine hydroxymate (SHX) and analyzed the 221 transcription of yefM/yoeB loci using semi-quantitative primer extension using a YefM 222 mRNA-specific primer. Exponentially growing E. coli strains MG1655 (Wild type), Δlon, 223 ΔppkΔppx, and ΔrelAΔspoT, were treated with 1 mg/ml of SHX to induce serine starvation.
224
ΔppkΔppx and ΔrelAΔspoT strains are deficient in accumulating polyP and ppGpp, 225 respectively (Xiao et al., 1991; Crooke et al., 1994) . In the wild type strain, we found a 226 dramatic increase (16 fold) in the transcription of yefM/yoeB loci while in Δlon strain there 227 was no change (Fig 2A) . Interestingly and importantly, we found a higher level of ΔrelAΔspoT were treated with 1 mg/ml of serine hydroxymate. Total RNA was isolated at 0, 10, 30 and 60 minutes and semi-quantitative primer extension was performed using YefM mRNA-specific primer (YefMPE-2). B. MG1655 and Δppkppx strains were transformed with pBAD-lon plasmids with a control of pBAD33 harbouring MG1655. Overnight cultures were diluted and grown to 0.45 OD 450 in LB medium supplemented with glycerol as carbon source at 37 °C. Lon overexpression was induced by addition of 0.2 % arabinose. Samples were collected at indicated time intervals and semi-quantitative primer extension performed as described in Materials and methods. C. YoeB-dependent cleavage upon overexpression of lon is independent of polyP. MG1655, ΔppkΔppx (Δppkx), ΔyefM/yoeB and Δ5 strains were transformed with pBAD-lon and pBAD-ppk was transformed into MG1655, Δlon, ΔyefM/yoeB and Δ5. The transformants were grown in LB media supplemented with 2 % glycerol to mid-exponential phase (0.45 of OD 450 ). 0.2 % arabinose was added to induce expression of lon or ppk. Samples were collected at 0, 10, 30 and 60 minutes and primer extension was carried out using Lpp mRNA-specific primer (lpp21) for cleavage site mapping. YoeB-dependent cleavage, indicated by an arrow, is in accordance with results from . mRNA by primer extension as reported in earlier studies . We found 251 that Lpp mRNA is cleaved at the second codon of AAA site in WT and ΔppkΔppx strains but 252 not in ΔyefM/yoeB and Δ5 strains ( Fig 2C) . We overexpressed ppk in exponentially growing 253 cultures of wild type, Δlon, ΔyefM/yoeB and Δ5 strains. We could not detect any YoeB- performed similar experiments to determine persistence to treatment of logarithmically 301 growing cultures of MG1655 and Δ10 strains to Ciprofloxacin (1 μg/ml), Ampicillin (100 302 μg/ml), Erythromycin (100 μg/ml), Kanamycin (50 μg/ml) and Chloramphenicol (100 303 μg/ml). We found that with Ampicillin and Ciprofloxacin, Δ10 strain formed significantly 304 lesser persisters compared to the wild type MG1655 (≈65 fold) ( Fig 3A) . However, we could Relative hypersensitivity of MG1655 and Δ10 strains to Ciprofloxacin and Ampicillin. 316 In light of the above observations, we were curious about the degree of sensitivity to various 317 antibiotics. We determined the sensitivity of the MG1655 and Δ10 strains to various 318 antibiotics by disc diffusion method. We observed that zone of inhibition of MG1655 with 319 Ciprofloxacin (10 µg) was 3.6 cm (averages) while that of Δ10 strain was 3 cm ( Fig 3B) . 320 With Ampicillin (10 μg), the zones of inhibition for MG1655 and Δ10 strain were 2.45 cm 321 and 2.1 cm, respectively. With Nalidixic acid, the zones of inhibition for MG1655 and Δ10 322 strain were 1.98 cm and 1.78 cm, respectively. We did not find any significant difference 323 with the other antibiotics at the concentrations used. This indicates that Δ10 strain is more 324 sensitive to Ciprofloxacin and Ampicillin relative to MG1655 (Fig. 3B&C ). Our observation 325 could also mean that TAS confers a certain degree of 'resistance' to antibiotics like well microtitre plates, the maximum absorbance at 595 nm was 1.05 for MG1655 while it 354 was 0.95 for Δ10 strain (Fig. 4A) . We also noticed that the optical density of the overnight 355 cultures of Δ10 strain grown in tubes was consistently lower than that of MG1655. These 356 observations indicated that the Δ10 strain may have metabolic deficiencies. To confirm this 357 further we determined the CFU/ml of both the strains after 12 hours of growth in tube 358 containing LB medium at 37 ºC with 170 rpm. We observed that MG1655 yielded 7.99X10 12 359 CFU/ml while the Δ10 strain yielded 4.92X10 12 CFU/ml which is ≈40% lesser than the 360 CFU/ml of wild type (Fig 4B) . In a given set of conditions, the difference in the CFU/ml of 361 two strains of a species is an indication of difference in their respective fitness. Percent CFU in optimal conditions in 12 hours. Overnight cultures were incoculated into tubes containing 3 ml LB broth and growin at 37 ºC with 170 rpm shaking for 12 hours. 10 µL of the culture was diluted appropriately and plated on LB plates and incubated overnight. C. Biofilm assay for prolonged duration. 2 µL of inoculum was added into 200 µL of LB broth in 96-well microtitre plate. The plates were incubated at 37 °C for 16, 24, 48 and 72 hours. The plates were washed and stained with1% crystal violet. Then washed thrice and the bound crystal violet was redissolved using ethanol and OD was measured at 595 nm. Experiments were carried out independently thrice in quadruplicates.
Error bars indicate standard error. (Two tailed P value ** < 0.001, * < 0.01).. We then performed biofilm assay for a prolonged period to determine any differences 364 between these strains in their ability to form biofilms. We found that MG1655 formed 365 consistently more biofilm, represented as absorbance of redissolved crystal violet, compared 366 to the Δ10 strain at all the time intervals analyzed (16, 24, 48 72 hours). At 16 hours, Δ10 367 strain formed 66% lesser biofilm compared to MG1655 strain. Upon prolonged incubation, 368 after 72 hours, Δ10 strain formed 35% lesser biofilm relative to wild type ( Fig 4C) . These 369 observations reinforce the notion that the Δ10 strain is not as healthy as the wild type. The 370 wild type would have the highest fitness when grown in conditions closest to their natural 371 habitats. Mutants with one or more genetic deficiencies would lose their fitness to varying 372 degrees. In this case, Δ10 strain has significantly lower fitness compared to the wild type 373 likely due to the effects of deletions. The loss of fitness could be attributed to two aspects; (i) 374 to the loss of TAS function and (ii) the polar effects on the adjacent genes due to deletion of 375 TAS. One could argue that TAS are responsible for higher growth rate, higher CFU/ml in 12 376 hours as well as higher biofilm formation. However, a qualified counter argument is that the 377 polar effects due to deletion of the ten TAS, and not necessarily the loss of TAS function, (Table 1 ). The spacers between the adjacent genes range from 9 to 218 bps, which is 393 inclusive of the operator/promoter regions if any. Hence, the TA genes are highly linked to 394 the downstream genes physically as well as transcriptionally. It is highly plausible that the 395 artificial deletion of TA genes could cause polar effect on the expression of one or more of 396 these bordering genes which is likely to result in loss of fitness (summarized in Fig. 5 ). 397 Therefore, confirmation that there are no polar effects on the expression and/or the reading 398 frames of the adjacent genes due to deletion of TA genes is essential. Attribution of the 399 observed phenotypes solely to TAS may result in faulty interpretations and mislead the 400 research community. Figure 5 . Possible polar effects on downstream gene expression due to manipulation of TAS operon. A. TAS operons are negatively autoregulated operons which do not encode a terminator. In the wild type, the downstream gene is cotranscribed with TA genes and its expression is considered optimal. B. If TAS along with promoter are deleted, there is no expression of the downstream gene due to lack of a promoter. C. If the toxin also is deleted, there could be over expression of the downstream gene due to missing corepressor, the toxin. D. If the toxin and antitoxin are deleted but not the promoter, there could be high overexpression of the downstream gene due to lack of repression. E. If a mutation is induced in the toxin gene such that its product is not toxic but can act as a corepressor (Overgaard et al., 2008) , the expression of the downstream gene is likely to be identical to that of the wild type, an ideal case to study the function of TAS.
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In the past reverse genetic studies on TAS, several deletion strains have compromised the 
